Introduction
Alzheimer's disease (AD) affecting more than 45 million people worldwide is a progressive neurodegenerative disorder and represents the most common cause of dementia in the elderly, accounting for 50-60% of all cases in Western world 1 . The prevalence rates for AD rise exponentially with age, increasing markedly after 65 years. AD is characterized by cognitive decline beginning usually with impairment of episodic memory, involving progressively all cognitive functions in the late stage 2 . The pathological hallmarks of AD are amyloid plaques, containing amyloid-β peptide, derived from the transmembrane amyloid precursor protein, and neurofibrillary tangles, composed of hyperphosforylated tau protein, in the medial temporal lobe structures and cortical areas of the brain together with neuronal death and synapses loss 3, 4 . Brain inflammation has been linked to many of these diseases, including amyotrophic lateral sclerosis (ALS), multiple sclerosis (MS), Parkinson's disease (PD) and, particularly, Alzheimer's disease (AD) 5 . To adapt to environmental changes and survive different types of injuries, brain cells have evolved networks of responses that detect and control diverse forms of stress 6, 7 . Consistent with this notion, integrated survival responses exist in the brain, which are under control of redox-dependent genes, called vitagenes (Figure 1) , including heat shock proteins (Hsps), sirtuins, thioredoxin and lipoxin A4. These proteins actively operate in detecting and controlling diverse forms of stress and neuronal injuries [7] [8] [9] . LXA4, a metabolic product of arachidonic acid, is considered an endogenous ''stop signal'' for inflammation, and shows potent anti-inflammatory properties in many inflammatory disorders, such as nephritis, periodontitis, arthritis, inflammatory bowel disease 10 . Microglia play an essential role in innate immunity, homeostasis, and neurotropic support in the CNS. In Alzheimer disease (AD), these cells may affect disease progression by modulating the buildup of amyloid-β (Aβ) or by releasing proinflammatory cytokines and neurotoxic substances. Discovering agents capable of increasing Lipoxin A4 and consequently of increasing Ab uptake by phagocytic cells is of potential therapeutic interest for AD. Lipoxin A4 (LXA4) as an endogenously produced eicosanoid, blocks the generations of pro-inflammatory cytokines and toxic compounds including reactive oxygen species (ROS), thereby promoting resolution of inflammation, and acts as an endogenous ''braking signal'' in the inflammatory process. Mushrooms, from which LXA4 is derived, have been used in traditional medicine for thousands of years. Many controlled studies have since investigated the long list of medicinal actions thought to be associated with extracts of these and other mushrooms, including antitumor, immunomodulatory, antioxidant, antiviral, antibacterial, and hepatoprotective effects. Mushrooms are a rich source of these polysaccharides, and many have been shown to stimulate host immune responses 11 . Indeed, the effects of polysaccharides on the immune system are by far the most exploited attribute of ''medicinal mushrooms''. Some of the most potent immunostimulatory molecules derived from mushrooms are the β-glucans, which activate many types of immune cells and stimulate cytokine responses. Taken all this into account and given the neuroinflammatory pathogenesis of neurodegenerative damage present in Alzheimer's disease, in our recent study we demonstrate the neuroprotective role of Coriolus versicolor biomass preparations against the inflammatory process associated to neurodegeneration evaluating also the impact on brain cellular stress response mechanisms.
Mitochondria and Neuroinflammation: Role of the Inflammasome

Mitochondria and ROS
Mitochondria have long been considered the "power- Trovato A, Pennisi M, Crupi R, Di Paola R, Alario A, Modafferi S, Di Rosa G, Fernandes T, Signorile A, Maiolino L, Cuzzocrea S, Calabrese V. J Neurol Neuromedicine (2017) 2(1): [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Journal of Neurology & Neuromedicine house of the cell" due to their primary function in energy production through oxidative phosphorylation and generation of adenosine triphosphate (ATP). The mitochondria contain two membranes, the outer (OMM) and the inner membrane (IMM) that separate two distinct compartments: the inter-membrane space and the matrix. The synthesis of ATP occurs through the respiratory electron transport chain (ETC) which is located at the inner mitochondrial membrane and consists of five protein complexes (Complexes I-V) 12 . Generation of ATP by mitochondria occurs via oxidative phosphorylation which requires reduction of oxygen to promote oxidation of nutrients and release of ATP. However, reduction of oxygen can generate potentially harmful intermediates such as superoxide anion radical (O 15 .
It has been suggested that primary ROS are wellcontrolled molecules within the cell and that their reactions with target molecules can be reversible, placing this type of ROS as important intracellular signalling molecules 16 . In contrast, secondary ROS, particularly •OH, are catalytically very reactive, not stringently controlled within the cell and therefore comprise the main damaging type of ROS 17, 18 . The •OH radical is a highly reactive specie able to react with a vast range of macromolecules such as lipids, proteins and nucleic acids.
•OH radicals are important inducers of DNA oxidation resulting in DNA lesions that often include single oxidised nucleobases, tandem base modifications, intra-and interstrand cross-links, oligonucleotide singlestrand breaks and 2-deoxyribose oxidation products 17 . Furthermore, during lipid peroxidation, allylically activated CH 2 groups present in lipids, most often in polyunsaturated fatty acids (PUFAs), are especially prone to hydrogen abstraction by •OH radicals resulting in the oxidation of these lipids in the cell 19 . The reaction of ROS with proteins can involve irreversible modifications producing protein carbonyl groups. In the case of proteins rich in cysteine and methionine residues, both of which contain susceptible sulfur atoms, are also particularly prone to oxidative damage. Cysteine oxidation leads to the formation of disulfide bonds, mixed disulfides, and thiyl radicals, while methionine sulfoxide is the major product of methionine oxidation 20 . The oxidation of cysteine and methionine is reversible as cells are equipped with systems, such as methonine sulfoxide reductase, glutathione, and thioredoxin redox system, capable of reversing the oxidation 21 . Each of these modifications can change the activity of the target protein, thereby altering its function in a signaling pathway. Phosphatases appear to be susceptible to regulation by ROS in this manner, as they possess a reactive cysteine their catalytic domain that can be reversibly oxidized, which inhibits their dephosphorylation activity 22 . Specific examples of phosphatases known to be regulated in this manner are PTP1b, PTEN, and MAPK phosphatases 23 .
Redox homeostasis
The action of ROS is usually balanced by the antioxidative capacity of a cell or organism and a disturbance of this balance in favor of a prooxidant state is commonly referred to as oxidative stress. The most well-known endogenous mitochondrial antioxidant enzyme is superoxide dismutase (SOD) which convert O 2 to H 2 O 2 . SOD1 is located in the mitochondrial intermembrane space and cytosol, SOD2 is located in the mitochondrial matrix, and SOD3 is tethered to the extracellular matrix. Other antioxidant enzymes that remove H 2 O 2 are peroxiredoxins (PRXs), glutathione peroxidases (GPXs), and catalase. Mammalian cells express 6 PRX isoforms, including PRX3 and PRX5 in the mitochondria. PRXs are enzymes that function by undergoing oxidation by H 2 O 2 at an active site cysteine and then subsequent reduction by thioredoxin, thioredoxin reductase, and NADPH 24 . There are eight isoform of GPXs, which are oxidized by H 2 O 2 and reduced by glutathione (GSH). Catalase is found in peroxisomes. Function of these antioxidant enzymes is dependent on how fast they react with H 2 O 2 (rate constant, k) and the concentration of H 2 O 2 and enzyme in vivo. Importantly, in vivo concentrations of H 2 O 2 are not well defined. Nevertheless, peroxiredoxins have a high rate constant and high abundance and therefore are thought to be responsible for scavenging nanomolar levels of H 2 O 2 associated with signaling.
GPXs have similar rate constants, but are less abundant and therefore are likely only important at higher intracellular concentrations of H 2 O 2 when GPXs can begin to compete with PRXs for substrate 25 . Therefore, it is possible that PRXs are critical for turning ROS signaling off, while GPXs are critical for buffering high levels of ROS to bring them to a level at which the cell evades damage and can initiate signaling stress responses. Catalase has an even lower affinity for hydrogen peroxide. Regulation of activity and expression levels of these antioxidants occurs by a variety of mechanisms and functions in part to manage ROS levels.
The mitochondrial free radical theory of aging postulates that the damage caused by accumulating ROS produced by mitochondria is the driving force behind aging 26 . This theory is corroborated to some extent by the inverse correlation between mitochondrial ROS production and lifespan in mammals 27 .
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Current evidence points to mitochondrial dysfunction as an overarching mechanism of aging and age-related disease. It is implicated in an extensive list of aging pathologies such as cancer, intestinal barrier dysfunction, depression, chronic obstructive pulmonary disease (COPD), diabetes, and others [28] [29] [30] . ROS are not the only aspect of flawed mitochondria that contributes to degenerating health, the emerging picture is that mitochondrial dysfunction in human aging and aging-associated diseases are not limited to accumulation of mtDNA mutations, but extend to abnormalities in mitochondria biogenesis, turnover, dynamics, and proteostasis. Mitochondria undergo constant fusion and fission to maintain a balance between mitochondrial biogenesis and mitochondrial autophagy (mitophagy) or apoptosis 31 . Several of the proteins involved in mitochondrial dynamics have been well characterized. Mitofusin 1 (Mfn1), mitofusin 2 (Mfn2) and optic atrophy-1 (Opa1) are the major proteins involved in the mitochondrial fusion process. Dynamin related protein-1 (Drp1) and fission protein 1 (Fis1) are involved in the fission process. The fusion process is activated during conditions of increased mitochondrial bioenergetics. The fission process is activated during mitochondrial degradation through the autophagosome (autophagy) 32 . The nuclear protein, peroxisome proliferator-activated receptor-γ coactivator-1α (PGC-1α), is a key mediator of mitochondrial biogenesis and an inducer of Mfn2. Perturbations of the IMM and OMM during ROS leakage are exacerbated by disrupted fusion and fission regulatory pathways. Thus, a deleterious feedback loop between ROS and dynamics leads to mitochondrial ROS dysfunction and subsequent apoptosis. Mitochondrial Sirtuins are modulators of energy metabolism, DNA repair and oxidative stress. Sirt-1 is both a nuclear and cytoplasmic protein and has been observed in mitochon-dria, while Sirt-3, 4, and 5 are mitochondrial proteins 33 .
In relation to the redox status, Sirt-3 increases the transcription factor, Forkhead box O3 (FOXO3), binding to the mitochondrial superoxide scavenger genes SOD2/ MnSOD, cytochrome C oxidase assembly protein (SCO2), and catalase 34 , thus modulating oxidative stress. Sirt-3 can also directly activate SOD2 activity by deacetylating it 35 .
Interestingly, brain-specific overexpression of SIRT1 results in long-lived animals which, when they age, seem to have preserved mitochondrial morphology along with increased oxygen consumption and more robust physical activity 36 . Similarly, whole-body overexpression of SIRT6 can result in lifespan extension for male mice 37 . The sirtuin family members that localize to the mitochondria (SIRT3, SIRT4, and SIRT5) have widespread metabolic effects, including regulating oxidative phosphorylation 38 , altering fatty acid oxidation 39, 35, 40 .
A vast body of data has accumulated linking mitochondrial redox metabolism to the aging process. Similarly, a growing number of dietary interventions have been demonstrated to modulate mitochondrial ROS production, detoxification and oxidative damage repair. Many (but not all) of these dietary interventions are associated with lifespan extension, or protection against age-related disease, in mammals. The term "nutraceutical" is actually a combined form of "nutrition" and "pharmaceutical." The generally accepted definition is "a food or part of a food which provides health benefits, including the prevention and/or treatment of a disease." Most nutraceuticals are dietary supplements. Studies both in vitro and in vivo reveal that consumption of nutraceuticals, especially the ones with high antioxidant capacity, has an inverse relationship with cardiovascular diseases, various cancers, and diabetes. On the basis of free radical theory of ageing it is postulated that any substance with a great antioxidant capacity can be a potential candidate for delaying the aging, but more evidences, show that these substances could improve mitochondrial functions also through activation of different signaling pathways 41, 42 . There has been a recent upsurge of interest in complementary and alternative medicine especially dietary supplements and functional foods in delaying the onset of age associated neurodegenerative disease. Different dietary interventions and nutraceuticals have been demonstrated to have beneficial effects on mitochondrial functionality in different physiopathological conditions 43 . Resveratrol, a natural polyphenolic compound of red wine proved to improve mitochondrial dysfunction and oxidative stress associated to Parkinson's disease (PD), through the activation of several metabolic sensors resulting in PGC-1α activation 44 . Epigallocatechin-3-gallate (EGCG) -a natural polyphenol component of green teacounteracts the mitochondrial energy deficit and oxidative stress found in Down's syndrome (DS) cells by promotion PKA activity 45 . Furthermore, Hydroxytyrosol a phenol of olive oil, prevented the decline in the expression of the PGC-1α transcription cascade of OXPHOS complexes through activation of PKA and CREB phosphorylation 46 . Interestingly, all these compounds would exert anticancer effect activating the mitochondrial apoptotic pathway [47] [48] [49] . The therapeutic potential of nutritional mushrooms against human leukemia is demonstrate in U937 human monocytic leukemia cells in which promote apoptosis by increase of pro-apoptotic protein 50 . Pharmacological manipulation of cellular stress pathways is emerging as a viable approach to treating certain neurologic diseases, such as Alzheimer's disease and psychiatric disorders, such as schizophrenia 51 . Specifically, small redox active molecules, such as the phytochemicals sulforaphane and hydroxytyrosol, or nutritional mushrooms may be potential candidates to modulate physiological pathways associated with cellular stress response and vitagene networks 52 redox
Trovato A, Pennisi M, Crupi R, Di Paola R, Alario A, Modafferi S, Di Rosa G, Fernandes T, Signorile A, Maiolino L, Cuzzocrea S, Calabrese V. J Neurol Neuromedicine (2017) 2( 56 and synaptic dysfunction 57 . Conceivably, such therapeutic tactics may be of value in mitigating or perhaps preventing signs and symptoms of neurodegeneration. Increased oxidative stress has been implicated as a contributory factor to AD pathogenesis, and post-mortem studies have demonstrated increased protein carbonylation, nitration, cysteine-oxidation, lipid peroxidation, and DNA/RNA oxidation in brain and peripheral tissue samples from patients with AD. Increased oxidative stress can damage mitochondrial proteins. Of particular relevance to the pathophysiology of major neurodegenerative disorders are findings of decreased levels of mRNA (and protein subunits) that are involved in the transfer of electrons in complex I of the ETC, in AD patients. Decreased efficiency of the electron transfer process within complex I and complex IV, results in increased leakage and mono-electronic reduction of molecular oxygen to form the superoxide anion 58 , with ensuing damage to proteins, lipids and DNA. As well, an increasing body of evidence supports a role of immune activation as a prominent causative factor in the pathogenesis of a number of major neurologic and neuropsychiatric disorders 59 .
Inflammasome
Recent studies have demonstrated that the inflammasome modulates neuroinflammatory processes at the initial stage, with a secondary cascade of events inclusive of oxidative stress, having been shown to possess the ability to activate the inflammasome 60 . The inflammasome is a macromolecular complex that contains multiple copies of a receptor for pathogen-or damagederived molecular patterns (PAMPs, pro-caspase-1, and an adaptor, apoptotic speck-containing protein with a CARD [ASC], which induces caspase-1 maturation 61 . Active caspase-1 is responsible for rapid, lytic cell death (pyroptosis). Upon sensing PAMP or DAMP, AIM2 and/or NLRP3, inflammasomes activate caspase-8 and caspase-1, respectively, leading to both apoptotic and pyroptotic cell death 61 . The AIM2 inflammasome is activated by cytosolic DNA, and in addition, it has recently been demonstrated that mitochondria represent major sources of DAMPs capable of triggering neuroinflammatory responses, with resulting apoptosis, pyroptosis and autophagy 62 . Recognition of DNA by immunocompetent cells is an important immunological signature that marks the initiation of an innate immune response. AIM2 is a cytoplasmic sensor that recognizes dsDNA of microbial or host origin. Upon binding to DNA, AIM2 assembles inflammasomal multiprotein complex, which induces pyroptosis and proteolytic cleavage of the proinflammatory cytokines pro-IL-1β and pro-IL-18. Release of microbial DNA into the cytoplasm during infections activates the AIM2 inflammasome. For instance, inappropriate recognition of cytoplasmic self-DNA by AIM2 contributes to the development of a number of autoimmune and inflammatory diseases, as well as in neurodegenerative disorders 63, 64 . In this scenario the mushrooms offer great potential as a polypharmaceutic drug because of the complexity of their chemical contents and different varieties of bioactivities. Available evidence suggests that mushrooms exhibit antioxidant, antitumor, antivirus, anticancer, antiinflammatory, immune modulating, anti-microbial, and antidiabetic activities 65 . In rat model diabetes mellitus the administration of medicinal mushrooms increases activity of antioxidant enzymes and reduces the amount of thiobarbituric acid reactive substances (TBARS) thus indicating pronounced antioxidant properties of studied mushrooms 66 . Also recently, it has also been shown that some mushroom extracts can produce direct cytotoxic effect on cancer cells through the action on the mitochondrial apoptotic pathway 67 . In contrast to plant herbal medicines, which are widely explored and relatively more advanced, the brain and cognition health effects of mushrooms are in the early stages of research. Palmitic, oleic, and linoleic acids dominate fatty acid profiles in mushrooms 68 . These fatty acids are important nutritionally, as oleic acid (C18:1 n-9) has been shown to activate SIRT1-PGC1α complex 69 and promote axon generation in the striatum during brain development 70 . Furthermore, in vitro toxicology assessment across different mushroom extracts on embryonic fibroblast and neuroblastoma cell lines suggest that the extracts are safe to be consumed even at high doses and they may be developed as a dietary supplement to improve brain and cognitive health. It is generally recognized that inflammatory process produces large amounts of inflammatory mediators, such as cytokines, chemokines, and prostaglandins. These mediators activate multiple signal transduction cascades and transcription factors associated with inflammation involved in the development of the common pathway of inflammation, such as NF-κB, MAPK and JAK-STAT signaling pathways, or otherwise regulating the antiinflammatory process, such as the Keap1 and Nrf2 system which, by modulating gene expression through the antioxidant response element (ARE), inhibit progression of inflammation.
Extracts and bioactive compounds isolated from Coriolus versicolor (Yun-Zhi)
Mushrooms have been used in traditional medicine for thousands of years 71, 72 . Many controlled studies have since investigated the long list of medicinal actions thought to be associated with extracts of these and other mushrooms, including antitumor, immunomodulatory, antioxidant, antiviral, antibacterial, and hepatoprotective effects 73 . Mushrooms are a rich source of these polysaccharides, and many have been shown to stimulate host immune . Indeed, the effects of polysaccharides on the immune system are by far the most exploited attribute of MMs. Some of the most potent immunostimulatory molecules derived from mushrooms are the β-glucans, which activate many types of immune cells and stimulate cytokine responses [75] [76] [77] . Studies in rodents and humans suggest that polysaccharides derived from mushrooms can stimulate the immune system to attack malignant cells 78, 79 and several of these compounds are now used in East countries in association to radio and chemotherapy 80 . In addition to the previous bioactive compounds, antiinflammatory peptides of different molecular weights have been isolated from mushrooms 81 . Cordymin, a low molecular weight peptide (10,906Da), has been purified from the medicinal mushroom Cordyceps sinensis 82 and from Cordyceps militaris 83 . This peptide significantly inhibited the infiltration of polymorphonuclear cells and IR-induced upregulation of C3 protein produced in the brain, interleukin-1β, and tumour necrosis factor-α, which had a neuroprotective effect on the ischemic brain, due to the inhibition of inflammation 71 .
The administration of complex mixtures of molecules of unknown concentrations is difficult to reconcile with current pharmaceutical practices involving highly purified compounds. The active ingredients may be unknown, making mushroom extracts very difficult to patent. Moreover, mushroom-derived polysaccharides are complex molecules that cannot be synthesized, as the mass production of these compounds would require timely and costly extraction processes. As a result, many research efforts have focused on low molecular weight compounds, such as cordycepin, which is a cytotoxic nucleoside analog inhibitor of cell proliferation. 86 . Taken all this into account and given the neuroinflammatory pathogenesis of neurodegenerative damage present in Alzheimer's disease, present studies are undertaken to gain insight into the possible neuroprotective role of Coriolus biomass preparation against the inflammatory process and to evaluate the impact of this intervention on cellular stress response mechanism operating in the central nervous system 11, 87 . Of particular interest are the polysaccharopeptides produced by Coriolus versicolor which are used to supplement the chemotherapy and radiotherapy of cancer and infectious diseases. The best known commercial polysaccharopeptide preparations of Coriolus versicolor are Polysaccharide K or Krestin (PSK) and polysaccharopeptide (PSP). Both products are obtained from the extraction of Coriolus versicolor mycelia, PSK is obtained from the extraction of Coriolus versicolor (CM-101) strains, while PSP obtained from the extraction of Coriolus versicolor (Cov-1) strains 88, 89 ; PSP and PSK are chemically similar: (1,3) β-glucan branched at 4' and 6' positions and they differ mainly in the presence of fucose in PSK and rhamnose and arabinose in PSP (Figure 3) . PSP and PSK are powders that are soluble and stable in hot water. These polysaccharopeptides have similar physiological activities. An extremely broad range of physiological effects has been linked with the use of Coriolus versicolor polysaccharopeptides. Some of the main effects include the following: immunopotentiation by inducing production of interleukin-6, interferons, immunoglobulin-G, macrophages, and T-lymphocytes; counter immunosuppressive effects of chemotherapy, radiotherapy, and blood transfusion; antagonization of immunosuppression induced by tumors; inhibition of proliferation of various cancers by inducing production of superoxide dismutase (SOD), glutathione peroxidase (Figure 4) , and general immune enhancement; improvement of appetite and liver function; calming of the central nervous system 86 . Superoxide dismutase is an important enzyme that scavenges oxygen free radicals and the SOD plays an important role in the response to stress to counteract the toxicity of active oxygen. In particular, PSK could PSK could enhance SOD activity and increase the contents of MnSOD mRNA in mouse peritoneal macrophages 90 . PSP/PSK possess anticancer activity 91, 92 . Oral administration of PSK/PSP has controlled various carcinomas in experimental animals and humans 93 . It is reported that PSK induces apoptosis in HL-60 cells through the activation of mitochondrial and caspase-dependent pathways involving activation of p38 MAPK signaling cascades 94 and overexpression of proapoptotic protein Bax 95 .
Conclusions
Accumulating evidence have indicated that oxidative stress and ROS play an important role in the progression of many chronic diseases including cardiovascular diseases, diabetes, and neurodegenerative disorders 96 [Nakamura et al., 2012] . Imbalance between ROS generation and antioxidant enzyme activities will cause lipid peroxidation, nuclear and mitochondrial DNA damage and protein oxidation, resulting in brain damage and amnesia 97 [Biasibetti et al., 2013] . A growing number of dietary interventions have been demonstrated to modulate mitochondrial ROS production, detoxification 
